Abstract: -In this paper, a new smart health embedded system that can notify users the status of an open wound to assure correct cicatrisation in real-time for ulcer foot in diabetes prevention has been designed. Specifically, this system monitors the healing process through the saturation of exudate in the absorbent dressing and the pathogen of infection by estimating the top gas of wound based on the various bacteria's metabolites. The collected information has been transmitted on portable devices in real time to inform the patient the current condition of wound and give advice. Finally, the algorithm of diabetes wound healing process is explored in this work, which can also be applied for related medical research in the diabetes preventions. The measurement results have an error of 0.9% and 2.3%, respectively for temperature and humidity in detection of cicatrisation. In the evaluation of pathogen of wound infection, the error of predicting the concentration of different gases (Sulfo-compound, Ethanol and Aldehyde) was only 2.8%.
I. INTRODUCTION
Stand in the continually flowing rivers of nature, no one is capable of escaping from greying ages, deaths and health problems. The better medical system is required to couple with prolongation of per capita life, decline of the birth rate and climbing health awareness. Health, one of the threshold topics in all walks of life, is not merely based on enough capital or public services. Considering cloud computing intelligent equipment technology, artificial intelligence system and embedded system, smart electronic medical treatment (e-health [1] ) is urgently demanded to offer everyone a more equal and comfortable medical service. For instance, balance the medical resources, expand the patients' database, and mitigate the tense relationship between doctors and patients.
The innovation of this paper lies in the utilizing and deployment of IoT technology that includes wireless communication, parameters detection and status estimation (based on Support vector machine) in open wound healing examination for diabetic patients on a compact embedded system [2] . Previously, the intention status can only be estimated by the doctor which causes inconvenience, medical resources of society occupation and unnecessary costs of patient [3] . Nowadays, in detecting and recording physical vital signs, widespread application of IoT technology generates a spate of products, be it Keep, Fitbit and Samsun Health [4] etc. However, for medical support, only a few products with limitations of importability, expense and short lifetime have been invented [5] . During the healing of an open wound in diabetics, in previously, it would be impossible to use tiny embedded devices for basic parameters detection and intention status estimation due to the technological limitations in components integration, wireless communication and portable devices. In those years, diabetic patients with open wound are advised to go to the hospital for periodical wound examination in order to prevent massive necrosis of cells which could be degraded into amputation [6] . The device explored in this report devotes to provide users with less complication, instant treatment notification, and convenience.
In this paper, an advanced portable smart device, an embedded system for open wound intention status detection and notification in real time is designed and constructed. Unlike normal e-health devices, the system performs well in parameters detection and has the capability to predict the intention status which offers patients more personalized suggestions for prevention of wound degradation by SVM [7] (e.g. inflammation, amputation, and organ failure).
Comparing this smart health device with congeneric products, first of all, the number of IoT devices for venous ulcer and other lower extremity wound infection is relatively lower. Most advanced productions be it 'eZscan' of Impeto Medical [8] , 'LifeScan' of Johnson & Johnson and 'One Drop' exploited by Jeff Dachis [9] concentrate on smart devices for monitoring and estimating sudoriferous secretion function, blood glucose level, diet-style, and exercise record to promote the therapy. Explicitly, 'eZscan' is a conductance analyzer for detecting the risk of diabetes through sudoriferous secretion function noninvasively. 'LifeScan' focus on quick measurement of blood glucose value and instant notification. 'One Drop' combines states of blood glucose, food and physical activity with Alexa phonetic assistant of Amazon. However, the states of wounds are rarely notified for the patients who are suffering from timeconsuming subsequent visit and inflammation.
Secondly, compared with other wound estimation device, in one aspect, the compact embedded system in this paper can not only estimate the parameters of the environment (humidity and temperature) surrounded the wound. In another aspect, it Thirdly, the accuracy in detection of humility and temperature is desired. In this part of the electronic nose, the product in the report uses the concentration of Ethanol, Aldehyde, sulfocompound to predict the location and growth of Pseudomonas aeruginosa, Staphylococcus aureus and Escherichia coli in various intensions status. Specifically, the gas released by these bacteria is different which can be estimated and classified by the data recorded from the gas sensors. The rate of detection error for both the embedded part are all small enough that can reach the current lowest error of other similar productions, respectively. The research of Gardner indicates that the error rate of diagnosis is 7.8% with the application of electronic nose.
Fourthly, although SVM does not perform well in large scale data leaning, it has strong ability of approximation and generalization compared with normal neural network.
II. SYSTEM DESIGN

A. Wearable Item
The extrinsic features and material technology can directly affect the quality of equipment. Design of the sole is based on the healing process of open wound and the comfortability of the users. Specifically, various cells cooperate with different molecules to complete the complex and subtle healing process that contains coagulation period.
Considering the requirements of medical theory and expectations of humanized design, the 3D Max figure of the handmade sole is shown in figure 1 (a) and (b) . 
B. Electronic System
As shown in figure 2 , This whole system consists of two parts: the first part is the embedded system which is deployed in the shoes, and the second part is the host computer (smartphone) which shows users information. The core of the hardware of the first part is Arduino Uno which manages the power supply circuit, sensor circuit and Bluetooth circuit. In the run time of the first part, five groups of sensors (temperature sensors, humidity sensors, pressure sensors, pulse and SpO2 sensor and gas sensors) capture the physical vital signs around the wound and transfer this information into analogue signals with first filtering. After the MCU receiving the analogue signals from sensors, these signal is filtered again and transferred into digital form in order to be sent to Bluetooth module through UART serial port. Next, the Bluetooth modulate these signals and send them to the builtin Bluetooth adapter of the host computer (smartphone). Finally, this data will be processed based on the mathematical model constructed in this paper to show the condition of the wound (e.g. warn the patient when some of the parameters overweigh the threshold and give some advice). 2) Gas sensor: In order to prevent the wound from infection mentioned in section 2, three types of most infectious bacteria have been monitored, be it Staphylococcus aureus, Pseudomonas aeruginosa and Staphylococcus epidermidis, with the infection probability 28.2%, 25.1% and 20.4% respectively. According to the table [10] shown below, the staples of Staphulococcus Aureus are Ethanol and Ammonia. Those of Pseudomonas Aeruginose are 2-nonketone, 2-amino acetophenone, 2-butanone, methyl ketone, 2-heptanone, butanol, isoamyl alcohol, iso-butanol and sulphur containing compounds. Escherichia Coli mainly products alcohol, decyl alcohol, 12-akanols, octanol, 1-propanol, methane-mercaptan, amyl alcohol, acetaldehyde, formaldehyde, acetophenone and hydrogen sulfide. By comparing those major products with the measurable parameters, the sensors have, TGS 822, QS-01 and MQ138 are selected to provide data for the logistic regression classifier and to notify users the intention status of the wound. 
D. Circuit, PCB and Acrylic protection
For the stability, as shown in figure 3 , figure 4 (a) and (b), integration and wearability of this whole system, we design a PCB to integrate all the component into a package and use acrylic board to protect this system from external pressure. 
E. Application
For data processing and notification to patient, we compile and build an application named "iHealing" to receive the data from embedded, input this data into the mathematical model and inform the patient of the current condition of their wound and then advice based on the results of the mathematical model. The environment of writing this application is Android Studio 3.0.1, gradel4.1, Android SDK Platform-tools 27.0.1, Android SDK Build-tools 27.0.3, and the test environment is Samsung SM-G9350 with Android 6.0.1, API 23. This application has five functions: (1) ask the permission of using Bluetooth and receive the data from embedded system though through Bluetooth. (2) Processing data (3) Show the UI to users with basic information (4) store this data (5) notify the users when the threshold has been exceeded or bacteria has been detected. In the data processing, the difference between current values of parameters (temperature, humidity and gas concentration etc.) and threshold values are calculated to determine whether to warn the patient to check or keep standby. The data from three types of gas sensors is sent to a logistic regression classifier to make the final decision whether the wound is in the inflammation phase or not based on the concentration of volatile products of bacteria. The information of the application is shown in figure 5 (a) For the results and analysis, we test this system in an ideal and a real environment. In the part of ideal environment testing, 1000 groups data are selected to calculate the accuracy of basic parameters, be it temperature, humidity, SpO2 and pressure. In the part of real environment testing, 1000 groups data are selected to calculate the accuracy of predicted parameters and information, for instance, the concentration of Ethanol, Aldehyde, sulfocompound and the predicted intention status. From error data upon, it is obvious that the basic parameters have a little error in the ideal environment testing which means this advanced embedded system has the capability to detect the accurate value of basic parameters if the soles are placed in right position. According to the error results of predicted parameters and information tested in real environment, the detection of sulfocompound and the prediction of intention status shows good performance. As for the detection of Ethanol and Aldehyde, they are not accurate but acceptable.
IV. CONCLUSION
An advanced portable smart device, an embedded system for open wound intention status detection and notification in real time is designed and constructed. Unlike normal e-health devices, this system has desired accuracy in parameters detection and has the capability to predict the intention status which offers patients more personalized suggestions for the prevention of wound degradation (e.g. inflammation, amputation, and organ failure etc).
